Separase not only triggers anaphase of meiosis I by proteolytic cleavage of cohesin on chromosome arms, but in vitro vertebrate separase also acts as a direct inhibitor of cyclindependent kinase 1 (Cdk1) on liberation from the inhibitory protein, securin. Blocking separase-Cdk1 complex formation by microinjection of anti-separase antibodies prevents polarbody extrusion in vertebrate oocytes. Importantly, proper meiotic maturation is rescued by chemical inhibition of Cdk1 or expression of Cdk1-binding separase fragments lacking cohesin-cleaving activity.
endogenous separase, respectively, the same bands were recognized by an anti-amino acid 1123-1154 antibody. Recombinant Xenopus separase-securin complexes were incubated in anaphase-arrested extracts to degrade securin. Separase was then re-isolated using amino-terminal HA-tags 3 . Cdk1 copurified with Xenopus separase, demonstrating that human and frog separase share Cdk1-binding despite low sequence conservation of Cdk1-binding determinants (CBDs; see Supplementary Information, Fig. S1b ). A mixture of the two anti-CBD antibodies fully abolished separase-Cdk1 complex formation, but did not inhibit cleavage of separase, which is self-imposed and therefore serves as a read-out for proteolytic activity. Anti-CBD antibodies neither eluted securin from existing separase-securin complexes, nor affected binding of recombinant securin to securin-less separase (see Supplementary Information, Fig. S1c, d ). We then investigated the effect of the anti-CBD antibodies on progesterone-induced meiotic maturation of surgically removed frog oocytes. Interestingly, microinjection of anti-CBD antibodies dramatically reduced the efficiency of polar-body formation compared with unspecific IgG (8.1-fold) or anti-CBD previously blocked with antigenic separase peptides (8.6-fold; see Supplementary Information, Fig. S1e ). Taken together, these experiments indicate that transition from meiosis I to II requires the Cdk1-inhibitory activity of separase.
An antibody was also raised against the CBDs of mouse separase (amino acids 1120-1134 and 1340-1354), which detected an in vitrotranslated mouse separase fragment (amino acids 1053-1382; Fig. 1a ) and proteins with an M r of 230 and 170 K in murine cell extracts that are likely to represent full-length and self-cleaved endogenous separase. Human separase cross-reacted with anti-mouse separase antibody because of its 83% sequence identity, and could therefore be used for further characterization. The anti-CBD antibody did not inhibit cohesin cleavage by separase, but counteracted separase-Cdk1 complex formation as it partially inhibited Cdk1-dependent inactivation of separase (Fig. 1b) . Similarly to the observations mentioned earlier, anti-CBD antibody potently inhibited polar-body extrusion relative to unspecific IgG (5.7-fold) on microinjection into mouse oocytes (Fig. 1c) . When anti-CBD-injected oocytes lacking polar bodies were stained with anti-tubulin antibodies, the majority (59%) seemed to be arrested, with chromosomes scattered on elongated meiosis I spindles (Fig. 1f) . Consistent with this observation, chromosome spreading revealed complete separation of all homologues in the majority of anti-CBD-injected oocytes without polar bodies (n = 11 from a total of 19; Fig. 1g ). The homologue non-disjunction in these oocytes (42%) is similar to mock IgG-injected oocytes, where 37% of oocytes fail to extrude the first polar body (Fig. 1c) and arrest at metaphase I (with attached homologues, n = 15). This is a common maturation failure point 9, 10 and here, it is probably due to microinjection damage. Thus, anti-CBD injection has no or little effect on cohesin cleavage, strongly suggesting that meiotic maturation failure is not due to inhibition of the proteolytic activity of separase.
To determine whether anti-CBD antibodies instead act by preventing separase-dependent inhibition of Cdk1, the Cdk1 inhibitor roscovitine was added to anti-CBD-injected oocytes 1 h before polar bodies normally extrude. This treatment fully abrogated the effect of anti-CBD on meiotic maturation, whereas it had no effect on polar-body formation in control-injected oocytes (Fig. 1c) . Separase-Cdk1 complexes cannot be disassembled by treatment with roscovitine or phosphatase, making it unlikely that roscovitine indirectly leads to elevated proteolytic activity of Cdk1-inhibited separase that is kept inactive by association with Cdk1 (ref. 4 and data not shown). Next, we injected anti-CBD antibodies together with mRNAs encoding N-terminal separase fragments up to the self-cleavage site and thus lacking the carboxy-terminal protease domain. A Xenopus separase mRNA that is not recognized by anti-mouse CBD-antibody was used (Fig. 1e) , therefore, liberation of endogenous separase from antibody by the recombinant expression product could be excluded. Expression of wild-type Xenopus separase fragment efficiently reversed the effect of the anti-CBD antibody (Fig. 1c) . This was in sharp contrast with separase proteins containing phosphorylation site mutations (S1138A, S1139A) and compromised Cdk1-inhibitory ability, which was unable to rescue polar-body formation despite being expressed at the same level as wild type (Fig. 1c, d) . Finally, histone H1 kinase assays were performed on control oocytes that had just extruded polar body 1 and time-matched oocytes injected with anti-CBD. Although kinase activity in the controls was as low as that in the germinal vesicle stage, importantly, it was on average 7.3-fold higher in anti-CBD injected oocytes (Fig. 1h) . This difference was transient, as fully matured control oocytes displayed only 18% lower kinase activity than corresponding anti-CBD injected oocytes. Taken together, these data demonstrate that the Cdk1-inhibitory activity of separase is required for polar body extrusion. Our results may explain why, after meiosis I, Cdk1 activity drops to its basal (germinal vesicle) level, despite persistence of some cyclin B1 (ref. 8).
Interestingly, S. cerevisiae separase also has a well-established meiotic role -it is essential for spindle disassembly after meiosis I (refs 11, 12) . However, as part of the Cdc14 early anaphase release (FEAR) network it counteracts Cdk1 indirectly, by activating the antagonistic phosphatase Cdc14. Thus, meiotic Cdk1-inactivation seems to be an important conserved function of separase, despite the mechanistic differences between phyla. 
